The purpose. Perfecting procedure of determination of the content of carbohydrate in nodes of tillering of plants of winter wheat by anthrone method in view of biology of the crop, features of their selection, storage and fixation. Methods. The content of carbohydrate was determined with anthrone method. Assessment of cultivars was carried out in field conditions in 2013 and 2014 by biochemical and agrobiological methods. Results. Dynamics is studied of accumulation of carbohydrate, formation of frost resistance and growth of plants of winter wheat depending on favorable weather conditions for training. Efficiency is proved of the offered developments of anthrone method for determination of the content of carbohydrate in nodes of tillering of plants of winter wheat. Conclusions. Use of the improved technique for determination of the content of carbohydrate with simultaneous fixation of critical temperature of frost killing and phase of growth allows assessing general state of plants of winter wheat and predicting perspectives of their further wintering in view of long-term forecasts of weather environment.
There are many methods of the determining sugar content, based on their physical or chemical properties: refractometric, areometric, polarimetric, chromatographic, and chemical [7] . Using certain method depends on the object of research, the content of water and sugary substances. There are various types of carbohydrates in the cells of wheat plants tillering nodes. Therefore, for the determining their content, the most proper are using the chemical methods because they give an opportunity to define with high accuracy in fresh and fixed plant material as well. Chemical methods are classified depending on which reagent is used (permanganate, anthronic and others). For instance, the method according to State Standart 26176-93 is used for the sugar content in the feed [8] , but it provides for its determination in the dried product in natural conditions (hay, mixed fodder) or preserved (haylage, silage) ones. In laboratory practice, Bertrand method and its modification by L.Voznesenskiy [9] are often used, which is based on the copper sulfate recovery to cuprous oxide and athronic method of determining sugar content [10] . However, these methods do not work as a method of describing the peculiarities of selection, storage, and fixation of samples, that's why they are not acceptable for manipulation with the winter wheat plants, especially during the sampling in the winter period, which has its specificity [11] .
The sugar content at the tillering nodes of wheat plants needs to keep samples in natural (native) condition until the analysis. Plants should be analyzed fresh, immediately after the sampling, or if there's a lack of such opportunity, fixed and dried state for minimum losses of soluble carbohydrates. Determination of the node tillering is obligatory, that mostly characterizes the soluble carbohydrates content in the plant tissues, bordering to the apical cone. It is necessary to take into account the minimum depth of a node tillering occurrence because it gives the opportunity to get rid of the necessity for lightening of the hydrolysate solution through chlorophyll coloring.
The aim of research. Improvement of the methodology of carbohydrates content in the tillering nodes of winter crops by including the biology of a crop and peculiarities of their selection, storage, and fixation for increasing the accuracy and truthfulness of analysis.
Material and methods of research. Selection of plants from the field in bunches was used in order to assess the dynamics and the level of developed frost resistance [12] .
For studying the carbohydrates content at the tillering nodes of plants from field crops dig out (in the presence of frozen soil) or cut down (if the soil is frozen) in three spots on the diagonal area or field (up to 50 hectares) and form the beams 30/50 plants in each. If the field square is more than 50 hectares, it should be divided into several plots and select three samples from each one. Each sample is labeled, the name of the institute, field's number, the name of the variety, and selection date are indicated on a label. If the air temperature is below -10 ° C, selection of samples is not recommended. Samples are transported in plastic bags or cotton and paper bags, at temperatures close to the temperature of soil on a depth of tillering nodes occurrence. Delivery time to the lab in such conditions should not exceed 24 hours. During the winter time, samples are selected and analyzed monthly, and if it's necessary, (e.g. sudden changes in temperatures, lack of snow cover, etc.) -every decade. The soil is shaken from plant samples off. Samples are washed in water, root system and above-ground biomass are cut with scissors so the tillering nodes are reminded in height from 2,0 to 2,5 cm, and dead skin tissue is removed. Prepared tillering nodes are fixed in a thermostat or drying closet and are wrapped in cotton fabric or gauze, watered in distilled water during 15 minutes at a temperature of 105° С and there are dried at a maximum temperature of 45°C to an air-dry condition for avoiding dextrinizing of soluble carbohydrates. Dried material is shredded on the mill type "Piruet" or in a mortar with pestle and is kept until the analysis in glass jars or test tubes with plugs.
A sample of plant material weigh 20 mg in two replications are weighted up to 0,001 g, put in chemical test tubes, poured 10 cm 3 distilled water, and warmed by the temperature of 60°С. The tubes are put into thermostat with a temperature 60°C for 30 minutes and their contents are stirred occasionally by glass rods. After finishing ? extracting process content the content of the test tubes is filtered through the glass watering can with filter paper to the measuring flask with 100 cm 3 volume. Glass road is poured on the filter paper. Sediment is poured by a small amount of warm distilled water. After cooling in the flask add distilled water to risks and thoroughly mixed. The original soluble carbohydrate extract is got.
Sediment from the filter after removal of soluble carbohydrates is thoroughly washed through the hole using the pipette by the solution of sulfuric acid (molar concentration is 0.25 mole/dm 3 ) into the test tube, where the extraction was conducted for receiving a hydrolysate of hydrolyzed carbohydrates. The total volume of solution in test tubes should be 10 cm 3 . Tubes in mini tripods are put in the boiling water bath for 30 minutes and a draught cupboard is switched on at the same time. The content of test tubes is periodically stirred by glass rods. Then it is filtered through glass watering can and paper filter into the 100 cm 3 where mс т -the mass of glucose in the standard solution, 50 mg; Dх -the optical density in the experimental sample; n -the dilution of the test sample; 100 -the conversion factor to a percent; Ds t -the absorbance of the standard solution; m0 -a sample, 20 mg; 1000 -the conversion factor mg of glucose to mcg. Mass fraction of the hydrolysable carbohydrates in the experimental sample (ω2 ) is calculated using the formula: m ст * D х * n *100 * 0,9 ω 2 = D ст * m 0 *1000 (2) where mс т -the mass of glucose in the standard solution, 50 mg; Dх -the optical density; n -the dilution of the test sample; 100 -the conversion factor to a percent; Ds t -the absorbance of the standard solution; m0 -a sample, 20 mg; 100 -the conversion factor mg glucose to mcg; 0.9 -the conversion factor fraction of the soluble carbohydrates to a fraction of hydrolysable carbohydrates.
Soluble mass fraction (ω1 ) and hydrolysable (ω2 ) carbohydrates as a percentage of dry matter are calculated by the formula: ω = ω р *100
where ωр -a mass fraction of soluble carbohydrates in the experimental sample, %;
ωд . п. -a moisture content in the test sample, %; 100 -the conversion factor to a percent. ω = ω л *100
where ωл -a mass fraction hydrolysable carbohydrates in the experimental sample, %;
ωд . п. -a moisture content in the test sample, %; 100 -the conversion factor to a percentage. The arithmetic mean of the two parallel determinations results was taken as a final test result. The results were calculated to the second decimal place and round off to the first one.
Investigation of the accumulation and usage of carbohydrates in plants tillering nodes of winter wheat in connection with their winter hardiness and improvement of methods for determining the soluble carbohydrates content in plant tissues revealed that the accumulation of soluble carbohydrates in the winter wheat plants in winter time had gradient character.
Therefore, the tillering nodes of the bread winter wheat were cut to length 2.5 cm from its base for an objective and reliable determination of the soluble carbohydrates [11] . In addition, this part of the tillering node is almost always etiolated, that eliminates the necessity for additional biochemical measures related to the enlightenment of hydrolysate solution through coloring by chlorophyll. Also it was found, that the storage of selected plants, transportation, and preparation for analysis after inactivation of enzyme systems, should take place under a low temperature and take the least amount of time, no more than 1-2 hours.
An example of the results of studies of the sugar accumulation dynamics, the frost resistance, and the crop progress depending on favorable weather conditions of hardening is presented in table 1. Analysis of the dependence of frost resistance from a number of accumulated sugars indicates the presence of a trend of a direct relationship between them. For example, in 2013, there was a gradual decrease in the tillering node sugar content on the background of increase of the winter hardiness. This is due to the fact that the consumption of energy pool on intensive growth processes was taking place on the background of a high average daily air temperatures that were observed in the second decade of November and riches more than 10 °C with the maximum 18,9 °C. Subsequently, the temperatures were decreasing and for nearly 45 days were favorable for the passage of the first phase of hardening, and in December there was a gradual transition through 0 °C, which contributed to the effective passage of the second phase of hardening. It allowed forming a high frost and winter hardiness before significant frosts in late January that reached -22 °C, which positively reflected on successful wintering and on the future yield.
In 2014 the duration of the favorable temperature and light conditions to the passage of the first phase of hardening was only 14 days. As is the case with 2013 year significant correlation between the level of sugars and frost resistance of winter wheat plants to the transition temperature at 0 °C wasn't observed. The critical temperature of freezing at a depth of the tillering node formation was only -12 °C due to the insufficient duration of the first phase of hardening to the time of a significant frost occurrence that reached -16 °C in December.
Conclusions
Thanks to studying the dynamics of the soluble carbohydrates content in the tillering nodes of winter wheat plants with simultaneous determination of the critical temperature of freezing in the field conditions of the particular year it is possible not only to adjust and assess the general condition of winter crops, but also to predict their future prospects of wintering on the long-term weather forecasts. Recommended improvements to the methodology for determining the carbohydrate content in the winter wheat plant tillering nodes by anthrone method allow increasing the cost-effectiveness and informativeness of a research by taking into consideration the biology of the crop, features of selection, storage, and fixation of samples.
